INTRODUCTION
The broiler breeder is a unique bird in that it has been genetically selected for improved growth, feed intake, and feed conversion yet is instead used for egg laying. As such, there are inherent difficulties in controlling adult BW and maximizing reproductive capacity rather than BW gain. The negative effects of weight gain under ad libitum feeding have been well established and include double hierarchies of ova, multiple ovulations, fatty liver, and so on (Robinson et al., 1993; Chen et al., 2006) . Furthermore, muscle and fat accretion can siphon nutrients away from egg production and contribute to the overall nutrient requirement. The main tool to combat uncontrolled weight gain has been feed restriction, with feed only being incremented to match production requirements. Despite restriction feeding, BW gain continues throughout a hen's life. Typical commercial broiler breeder diets overfeed CP and other key amino acids such as lysine (Mejia et al., 2012; Ekmay et al., 2013a) . Increasing dietary CP has been shown to reduce obesity in broiler breeders (Mohiti-Asli et al., 2012 ), but has not been shown to confer a benefit to egg quality, hatchability, or progeny performance (Spratt and Leeson, 1987; Ekmay, 2011; Mohiti-Asli et al., 2012) . Although there is a desire to optimize CP intake, increasing energy intake has been shown to have positive effects on egg quality and progeny performance (Mohiti-Asli et al., 2012) .
Understanding how nutrients are partitioned in broiler breeders under a variety of typical commercial feeding scenarios will prove critical for management, nutritional, and genetic decisions. Previous research by this group has shown that the ubiquitin-proteasome pathway is upregulated during the transition into sexual maturity, suggesting a critical role of skeletal muscle as a source of amino acids for egg formation (Ekmay et al., 2013b) . The purpose of this study is to determine how the broiler breeder hen partitions lysine during egg production and to further investigate the role of skeletal muscle in the egg formation process. 
Lysine partitioning in broiler breeders

MATERIALS AND METHODS
Stock and Management
A flock of 1,350 Cobb 700 breeder pullets were reared to 3 growth curves, defined as 20% under Cobb standard, Cobb standard, and 20% over Cobb standard BW curve. The Cobb Breeder Management Guide (Cobb-Vantress, 2008 ) was used as a reference for all management conditions. The flock was placed in 2.38 m × 1.83 m floor pens, approximately 30 birds per pen, and fed ad libitum for the first 2 wk of age. From 2 to 4 wk, all birds were fed restricted amounts of feed every day. From 4 wk onward, all birds were fed on a skip-aday regimen. Feed allocation was based on breeder recommended guidelines to reach target BW. Birds were weighed weekly by pen and feed allocation to each pen adjusted to ensure target BW was met. At 21 wk of age, 126 birds of similar BW from within the 20% over Cobb standard group were transferred to a production house, individually caged, and photostimulated. The mean BW of the selected birds was 2,629 g with a CV of 9.6%. Cages (47 cm high, 30.5 cm wide, 47 cm deep) were each equipped with an individual feeder and nipple drinker. All breeders were restricted fed every day based on target egg production according to the Cobb Breeder Management Guide (Cobb-Vantress, 2008) with appropriate adjustments to achieve experimental energy and CP intake.
Design
Hens were randomly assigned to a treatment in a 2 × 3 factorial arrangement (energy × protein). The 2 energy levels were 390 and 450 kcal/d, and the 3 protein intakes were 22, 24, and 26 g/d at intake for peak egg production. Composition of experimental diets can be seen in Table 1 .
Thirty-six hens (6 per treatment) were administered a 15 mg oral dose of 15 N-Lys•2HCl (Cambridge Isotopes, Andover, MA) in addition to their normal daily meal beginning at wk 23. Six additional hens, representing each of the dietary treatments, did not receive 15 N-Lys to serve as isotopic controls for subsequent calculations. At sexual maturity (defined as first oviposition), administration of 15 N-Lys ceased and a daily 15 mg oral dose of 2 D 4 -Lys•2HCl (Cambridge Isotopes, Andover, MA) began (Table 2 ). The 15 N-Lys was used as an endogenous muscle marker (i.e., breast muscle), whereas the 2 D 4 -Lys was used as a dietary marker. When the second egg (third egg overall) after 2 D 4 -Lys administration was laid, 12 hens were slaughtered and Table 1 . Diet composition of breeder diets formulated to achieve either 390 or 450 kcal and 22, 24, or 26 g of CP at intake for peak egg production the left pectoralis muscle was excised and immediately frozen in liquid nitrogen. The egg corresponding to the sampled hen was saved for analysis. Both muscle and egg components were stored at −20°C. After the third egg (fourth overall) following 2 D 4 -Lys administration, another 12 hens and eggs were sampled as described. Finally, after the fourth egg (fifth egg overall) following 2 D 4 -Lys administration, the remaining 12 hens and eggs were sampled as described. Eggs 1 through 4 (egg one considered the first egg after 2 D 4 -Lys administration) were broken out and the yolk and albumen fractions separated. The process was repeated beginning at wk 27 and then again at wk 43 with the following variations. At wk 27 and 43, an oral dose of 15 N-lysine was administered daily for a 2-wk period. After 2 wk, 15 N-Lys administration ceased and a 2-d rest period ensued. After 2 d, 2 D 4 -Lys administration commenced. Hens were sampled as previously described. Sample processing, derivatization, and GC-MS analysis followed the method described by Bosch et al. (2007) with slight modifications for optimization.
Sample Processing and Derivatization
A 0.5-g subsample of yolk and albumen and 1-g subsample of breast muscle were each hydrolyzed in 6 N HCl for 24 h at 110°C. Samples were centrifuged at 3,000 × g and the supernatant separated into a new vial. The supernatant was then passed through an ionexchange column packed with Dowex 50WX8-200. Lysine was eluted with 2 mL of 4 N NH 4 OH and 1 mL of nanopure H 2 O into a new vial and dried under vacuum. The tert-butyldimethylsilyl derivative was formed by addition of 800 μL of C 2 CH 3 CN-N-methyl-N-(t-butyldimethylsilyl)trifluoroacetamide (1:1) and incubation at 110°C for 60 min (Molnar-Perl and katona, 2000) .
GC/MS Analysis and Calculations
Mass spectral analysis of derivatized samples for isotopic enrichment was carried out on an Agilent 7890A GC system attached to an Agilent 5975C mass spectrometer (Santa Clara, CA). Helium was used as the carrier gas at 1 mL/min; a 1 μL volume was injected in splitless mode. Starting oven temperature was 150°C and increased 50°C/min to 200°, after which temperature was increased 20°C/min to 270°C and held for 5.5 min. The mass spectrometer was operated under EI and SIM modes. The 488, 489, and 492 m/z fragments, representing the 14 N-lysine derivative (M), 15 N-lysine derivative (M + 1), and 2 D 4 -lysine derivative (M + 4) fragments, were monitored. The retention time for lysine was 5.487 min. Molar excess of isotopic enrichment (MPE) was calculated as follows:
where R was calculated as
The distribution of isotopic lysine markers in the egg was calculated as 
Statistics
A randomized complete block design with a 2 × 3 factorial treatment structure was used. Sampling time (block) was considered a fixed effect. An ANOVA was performed utilizing the least squares procedure on JMP 7 statistical analysis software (SAS Institute Inc., Cary, NC) to determine effects of dietary treatment and sampling time on MPE and the distribution of isotopes within muscle and egg components. An analysis of egg sequence was performed using ANOVA to determine difference across egg number and orthogonal contrasts to determine difference between the first egg and all subsequent eggs. All statements of significance are based on testing at P ≤ 0.05.
RESULTS
The average age of first egg for all birds was 25.60 wk with a CV 4.23% (data not shown) and no differences in the number of isotope administration days were determined (Table 2) . Body weight gain during the experimental period is presented in Figure 1 . No treatment × sampling time effects were determined for MPE in albumen, yolk, or breast muscle (Table 3) or isotopic enrichment of the egg (Table 4 ). Significant sampling time effects were determined for 15 N MPE and 2 D 4 MPE (Table 3 ) and isotopic enrichment of the egg (Table 4) . The 2 D 4 MPE peaked during the 27 to 29 wk period, coinciding with a nadir in 15 N MPE.
During the 23 to 25 wk period, the overall MPE of 15 N lysine across treatments in breast muscle did not significantly increase between the second and fourth egg (P = 0.879; Figure 2 ). The MPE of 2 D 4 lysine in breast muscle also did not significantly differ across hens sampled between the second and fourth egg (P = 0.877; 0.04% at the second egg to the fourth egg). Orthogonal contrasts indicated that MPE of 15 N lysine (P = 0.025), as well as 2 D 4 lysine (P < 0.001) , in albumen, were significantly higher between the second and the fourth eggs compared with the first egg (Table 3) . Neither energy nor protein intake influenced MPE of either marker in breast muscle, albumen, or yolk (Table 4) . No statistical interaction effects were observed. Among the markers found in the egg, the albumen consisted of significantly lower endogenous muscle marker (28.57%) as compared with dietary marker (71.43%; P = 0.029), and yolk consisted of significantly greater endogenous muscle marker compared with dietary marker (P < 0.001).
During the 27 to 29 wk period, MPE of endogenous muscle marker did not differ in the breast muscle of hens sampled across egg numbers (P = 0.644). Similar findings were found for the presence of dietary marker in breast muscle of hens sampled across egg numbers (P = 0.105). Furthermore, MPE of endogenous muscle and dietary marker did not differ among eggs in albumen or yolk (Figure 3) . Again, neither energy nor CP intake affected MPE of either marker in albumen, yolk, or breast muscle. No interaction effects were observed (Table 4) . For the markers in the egg, albumen consisted of significantly lower endogenous muscle marker than dietary marker (P < 0.001) and the yolk consisted of significantly lower muscle marker than dietary marker (P < 0.001; Figure 4) .
During the 43 to 45 wk period, MPE of 15 N lysine in the breast did not differ in hens sampled across egg numbers (P = 0.836; Figure 5 ). Similar findings were found for the diet marker in the breast muscle (P = 0.455). No differences were noted among eggs in the MPE of either marker in albumen or yolk ( Figure 5 ). Of the markers in the egg, similar amounts of both markers were determined in the albumen (P = 0.291), and the yolk consisted of significantly greater endogenous muscle marker than dietary marker (P < 0.001; Figure 4 ).
No differences were determined in the partitioning of lysine due to protein or energy intake (Table 4 ). Figure 1 . Body weight gain of treatment groups through the experimental period. Hens were randomly assigned to a treatment in a 2 × 3 factorial arrangement (energy × protein). The 2 energy levels were 390 and 450 kcal/d, and the 3 protein intakes were 22, 24, and 26 g/d at intake for peak egg production. Color version available in the online PDF. 
DISCUSSION
Early research by Hiramoto et al. (1990) into the protein dynamics of a bird similar to the broiler breeder, the commercial laying hen, looked into changes in protein synthesis in the liver and oviduct as an ovum passes through the magnum. The group found no changes in liver protein synthesis but noted differences in protein synthesis in the oviduct when the ovum was in the magnum. Gruhn and Hennig (1984) looked at the incorporation of 15 N-Lysine into egg components of laying hens and showed that total 15 N from a one-time dietary bolus was incorporated into the egg at approximately 20%: divided equally between egg yolk and albumen. A similar isotopic incorporation in the egg was determined in broiler breeders in the present study, as less than 22% of the total isotopes administered were found in the egg at peak production (wk 29).
Whereas the broiler breeder data reported herein suggests a similar deposition rate of lysine into the egg compared with the laying hen, closer inspection reveals a large role of skeletal tissue in protein utilization. During early lay, there appears to be a large reliance on skeletal tissue for yolk formation (87%) but not albumen formation (29%). This reliance is further evidenced by a decrease in the 15 N-Lys MPE in breast muscle from the 2nd to the 3rd egg and an increase in the 15 N-Lys MPE from the 3rd to the 4th egg in both albumen and yolk. Gruhn and Hennig (1984) reported higher levels of 15 N from dietary labeled lysine, in yolk compared with albumen; however, this increase plateaued. Gruhn and Hennig (1984) speculated that 15 N deposited into follicles early during the enrichment process were found in the yolk, whereas feed amino acids were utilized in the synthesis of albumen proteins. The protein found in the yolk is synthesized by the liver and continuously accumulates in the ovum (Griffin et al., 1984) . In contrast, a substantial portion of albumen proteins are synthesized in the oviduct during the roughly 3 h period that the ovum is in the magnum (Muramatsu et al., 1991) . Availability of amino acids during that period may affect albumen weight (Penz and Jensen, 1991) , which in turn may influence egg weight and subsequent progeny weight (Lima et al., 2001 ). As breeders reach peak production, dietary lysine is primarily used for both yolk (85% in the present study) and albumen (67% in the present study) formation. The observed lysine distribution in the egg is likely due to the high rate of production (~85%) during this period in the present study (data not shown). The remaining (unused) labeled lysine, which constituted the majority of fed labeled lysine, was found in skeletal tissue. No less than 78% (27 to 29 wk) of all labeled ( 15 N and 2 D 4 ) lysine was found in skeletal tissue with values reaching as high as 96% of total (23 to 25 wk). The 20% of all label found in the egg reported by Gruhn and Hennig (1984) in laying hens matches the distribution found in breeders from 27 to 29 wk of age. When egg production began to decline in the 43 to 45 wk period, as it typically does after 40 wk of age, the reliance on skeletal reserves for yolk formation increased to levels similar to those seen during the 23 to 25 wk period. A comparison of the present study with the fractional degradation rates and expression of proteolytic genes reveal significant correlations . It would appear that 2 things are occurring. First, lysine is directed primarily toward skeletal tissue. Second, the extent to which dietary lysine is partitioned to skeletal tissue or egg formation is dependent on the rate of egg production. Joseph et al. (2000) reported that increasing CP intake from 21.3 to either 23.4 or 26.6 g per d (at peak, 144 g) during pre-lay and early lay in Cobb 500 broiler breeders increased egg weight and albumen weight, but did not increase BW. These authors indicated that when fed at levels above 21.3 g, additional protein is partitioned toward reproduction. However, in the present study, energy and protein intake did not affect the partitioning of lysine during any time period. The proportion diverted toward egg production and the proportion diverted toward skeletal muscle remained constant. Under this scenario, both egg weight and BW would increase with higher protein intakes. Indeed, increases in both were observed (Ekmay, 2011) .
In summary, lysine partitioning was not affected by changes to protein or energy intake within the ranges investigated: levels typical of the poultry industry and above requirements (Ekmay et al., 2013a) . Instead, age and stage of egg production had a greater effect on lysine partitioning. Further investigation is warranted to understand how fine the balance is between muscle accretion and egg formation and how this may affect feed management decisions. 
